Abstract Mapping of the Reelfoot blind thrust using portable array for numerical data acquisition (PANDA) seismicity suggests that it is a complex fault that changes its geometry along strike. The thrust appears to be bounded to the north by an easttrending strike-slip fault. The southern end of the thrust is defined by seismicity and does not terminate at a known transverse fault. The northern portion of the thrust steepens at shallow levels, forming a listric (concave upward) shape in cross section. The southern segment of the thrust is interpreted to flatten near the top of the Precambrian basement. Although some segmentation of the blind thrust is observed from the mapping of 3-km-wide strips of seismicity oriented perpendicular to the fault, it does not appear to be significant enough to prevent rupture along its entire length.
Introduction
The record of earthquake recurrence in the New Madrid seismic zone is increasingly better constrained from radiocarbon dating of liquefaction features (Tuttle and Schweig, 1996a,b; Tuttle et al., 1998) , colluvium derived from fold scarps (Kelson et al., 1992 (Kelson et al., , 1996 , and overbank sediments deposited in the Mississippi River floodplain (Guccione et al., 2001) . Recent excavations across the forelimb of an active fault-propagation fold (the Reelfoot scarp) provide additional constraints on the rate of the late Holocene uplift above the Reelfoot blind thrust (Mueller et al., 1999; Van Arsdale, 2000) , while modeling of fold kinematics has better defined the geometry of the thrust at shallow levels .
Efforts to determine the magnitudes of the events of 1811 and 1812 are based primarily on shaking intensities from published accounts (Nuttli, 1973; Street, 1982; Johnston, 1996; Hough et al., 2000) . These magnitudes provide the basis for creating seismic hazard maps for the zone (Frankel, 1995) , which are ultimately used to design buildings and infrastructure that are expected to withstand future large events. Estimates of past earthquake magnitudes in the zone have thus a significant effect on current efforts to mitigate the potential losses from future events (Newman et al., 2001) , although it must be noted that factors other than magnitude also contribute to the seismic hazard (Cramer, 2000) .
An accurate assessment of seismic hazard, however, is elusive because a number of critical parameters are only inadequately known. As a consequence, there is considerable discussion regarding the actual level of the hazard and the best way to convey the attendant uncertainty (e.g., Newman et al., 1999) . The magnitude estimates of the 1811-1812 events vary by nearly an order of magnitude (Nuttli, 1973; Hough et al., 2000; Johnston, 2000) . This uncertainty in the magnitude estimates derives in part from the relatively low population density in the 1800s, which results in a paucity of intensity reports, and from the fact that site effects asso- ciated with loose sediments in river valleys may have biased the interpretation of some of the felt reports. For example, stronger shaking in the valleys than in the uplands about 20 miles from the Ohio River have been reported (Hough et al., 2000) . Another factor contributing to the uncertainty is the poor knowledge of the stress drop, a parameter extremely difficult to estimate. Even the geodetic estimates of modern deformation across the zone, which can also be used to estimate the seismic hazard, vary widely (Liu et al., 1992; Gan and Prescott, 2000; Newman et al., 2000) , although the most recent results tend to indicate low-strain accumulation rates. This variability can be attributed in part to the difficult task of establishing stable monuments in the Mississippi River floodplain and in part to a short observation period.
Given the uncertainties in our knowledge of the fundamental parameters that characterize the 1811-1812 earthquakes, we have attempted to provide an additional assessment of past earthquake magnitudes by detailed mapping of the geometry and the area of the entire Reelfoot blind thrust. Previous estimates of the area of the Reelfoot thrust have been based on its length and on the values of dip determined at the deep levels. We have integrated the finely sampled microseismicity information with the numerical modeling of shallow fault geometry using fault-related fold theory . This is combined with the faultslip rate ) and the well-established record of earthquake recurrence (Kelson et al., 1996; Tuttle et al., 1998) to calculate the rate of the late Holocene moment release and to estimate the magnitudes of the earthquakes in the last two strain cycles between ca. A.D. 900-1450 and 1450-1812. Our work is thus a synthesis of seismological, structural, and geomorphic data and results either recently published or established as a result of our own work.
Regional Structural Setting
Analysis is focused on the Reelfoot blind thrust, a westsouthwest-dipping fault that extends 61 km from southeast Missouri into western Tennessee (Van Arsdale et al., 1995 , 1999 . The northern portion of the thrust is kinematically linked to the northeast-trending Cottonwood Grove fault, forming a wide restraining bend (Russ, 1982) . The Cottonwood Grove fault dips very steeply to the southeast and extends for over 150 km from its terminus near the town of Ridgely, Tennessee (Fig. 1) . The sense of slip across the Cottonwood Grove fault is not well constrained, although a monoclinal fold formed above it near Ridgely (Stephenson et al., 1995) indicates that the fault accommodates transpressive strain. Focal mechanisms on the Cottonwood Grove fault also indicate that it may accommodate an oblique right lateral slip (Herrmann and Canas, 1978) . Given the orientation of the Cottonwood Grove fault and the relief in Holocene sediments, the slip vector on the Cottonwood Grove fault is probably somewhat more easterly than its N40ЊE strike.
Although the Cottonwood Grove fault is the longest fault in the seismic zone, a slip rate has not been determined along it due to a lack of accurately dated piercing points. Vertical displacement across the Reelfoot blind thrust is, however, well characterized by numerous high-resolution seismic profiles (Sexton and Jones, 1986; Shedlock et al, 1997; Odum et al., 1998; Purser and Van Arsdale, 1998; Van Arsdale et al., 1998 , 1999 , trench excavations, and boring profiles (Kelson et al., 1992 (Kelson et al., , 1996 Van Arsdale et al., 1995; Champion et al., 2001) , and by the numerical analysis of blind thrust geometry based on trishear fault-propagation fold kinematics (e.g., Hardy and Ford, 1997; Allmendinger, 1998; Champion et al., 2001) . Note, however, that little information exists for defining strike-slip displacement and the true slip vector on the Reelfoot thrust. Slip rates and earthquake magnitudes (M w ) determined for the thrust are thus based on pure dip-slip models, implying that these parameters (slip rate and M w ) are minimum values.
Although the Reelfoot thrust is less than a third the length of the Cottonwood Grove fault, it has a much shallower dip that varies from 30Њ to 75Њ along strike. Therefore, the area of the blind thrust is significantly greater for a given length of the fault, in comparison with the much steeper strike-slip fault. This has the effect of increasing the amount of elastic strain energy stored within the volume surrounding the fault, which may be released during destructive seismic events. The thrust appears to have generated one of the largest earthquakes recorded in historic time in the New Madrid seismic zone (Johnston and Schweig, 1996) ; a better understanding of its geometry is therefore important. Seismicity recorded by a portable array for numerical data acquisition (PANDA) during October 1989-August 1992 (Chiu et al., 1992) as relocated by Pujol et al. (1997) is used to determine the fault area.
Methods
The three-dimensional geometry of the Reelfoot blind thrust was mapped using the microearthquakes recorded during the PANDA deployment. The events were relocated using the joint hypocentral determination (JHD) technique, and the locations thus obtained suggest that the blind thrust could be subdivided into three fault trends, a central north-south trend and northern and southern trends that strike northwestsoutheast (Pujol et al., 1997) . This change in the trend is not seen when the seismicity is located using conventional single-event location techniques. A recent three-dimensional velocity inversion using the same PANDA data confirms the JHD results (Gao, 1999; Gao et al., 2000) . The most important factor affecting the determination of the hypocentral locations is the change in the thickness of the unconsolidated, low-velocity, post-Paleozoic sediments under the PANDA stations. This thickness difference (0.6 km) is ignored in the one-dimensional models used to locate the events and leads to errors in event depths of up to about 1 km when the events are located individually.
The area where seismicity illuminates the thrust was divided into 23-km-wide strips oriented perpendicular to the local fault strike (Fig. 2) . The data were subdivided into strips narrower than in earlier analyses to refine the shape of the thrust fault which had not been previously mapped in three dimensions. The narrower data strips also allowed us to define the bands of seismicity associated with the steeply dipping strike-slip faults. We interpreted the seismicity as occurring (1) on the surface of the Reelfoot blind thrust, (2) on northeast-trending strike-slip faults, and (3) in diffuse clouds contained in the hanging wall of the thrust that may be related to active folding. The northern and southern trends were subdivided, respectively, into six and eight strips oriented N36ЊW; the central trend was subdivided into six strips and were oriented east-west (see the location of the strips in Fig. 3 ). Events contained within individual strips were projected along strike on to their centerlines and plotted as 1:1 scale cross sections. A fault surface was then fit by hand to linear trends interpreted as the surface of the blind thrust on the cross sections, which were then transferred to the map along the strip centerlines. We ignored the diffuse clouds of seismicity that coincided with the mapped trace of strikeslip faults or with events contained in the hanging wall of the Reelfoot blind thrust.
Contours were constructed by connecting the points of similar depth on the fault surface between adjacent strips (these are shown as the thicker lines in Fig. 3 ). Areas where seismicity could not be fit by an obvious fault surface were contoured with lighter lines. The Reelfoot scarp was used as a proxy for the local strike of the blind Reelfoot fault between 1-and 5-km depth. The dip of the shallowest part of the blind thrust was based on numerical modeling of the fault geometry using trishear fault-propagation fold theory .
The rate of the late Holocene moment release was calculated using the equation:
(1) (Aki, 1966) , where l is the rigidity of the crust (3.5 ‫ן‬ 10 11 dyne/cm 2 for relatively stiff continental crust; e.g., Turcotte and Schubert, 1982) , D the average fault displacement, and A the fault area. We used an average displacement consistent with the long-term slip rate determined from the uplifted Holocene sediments and the recurrence interval between the last three earthquake cycles in the zone. This does not include a possible strike-slip component across the thrust. The moment magnitude (M w ) for paleoearthquakes (Hanks and Kanamori, 1979 ) was determined as:
Blind Thrust Geometry and Segmentation
Constraints from PANDA Event Locations
The seismicity of the New Madrid area has been subdivided into segments corresponding to individual strike-slip faults and to portions of the Reelfoot thrust by Liu (1997) , who expanded the earlier work by Chiu et al. (1992) and Pujol et al. (1997) . Liu's subdivisions are based on the distribution of the seismicity and on an analysis of the source parameters of 54 PANDA events and a few others recorded by the regional network. The following segments have been proposed by Liu (1997) : (1) the southern axial arm (i.e., the strike-slip Cottonwood Grove and Ridgely faults), (2) the southeast, central, and northwest segments of the Reelfoot thrust, (3) a southern intersection area between the thrust and the strike-slip faults, and (4) the westerly and the northeast arms located north of the Reelfoot thrust. Also included is the northern intersection area that lies between the northern segment of the Reelfoot thrust and the westerly and northeast arms that define the northernmost seismicity in the seismic zone.
The results of our mapping generally agree with the subdivisions of Liu (1997) (i.e., the strike of the fault changes its trend from north to south), although we cannot subdivide the Reelfoot thrust into central and northern segments that might rupture as separate faults during the seismic events (Fig. 3) . However, our mapping of the fault using PANDA seismicity confirms the existence of the southeast segment of the Reelfoot thrust as a fault oriented N28ЊW that dips 48-51Њ southwest ( Fig. 2 ; see strips Q-T in Fig. 3 ). This segment dips more gently (42Њ) at its northwestern end and appears offset less than 500 m at its northwestern end by a strike-slip fault. Six out of the seven focal solutions in strips Q-T determined by Liu (1997) show mostly thrust faulting with some strike-slip component. This consistency in focal solutions is not seen in most of the other New Madrid segments. One of the largest events (M Lg 3.1) recorded during the PANDA deployment occurred in this segment, and its focal solution indicates almost pure reverse faulting, with a strike of N30ЊW and a dip of 40Њ SW. This orientation agrees well with the strike and dip of the fault inferred from the seismicity. Within the southern intersection area, the seismicity is more diffuse (see M, N, and O in Fig. 2 ) and appears to image both the blind thrust and the northeasttrending strike-slip faults. Events in the northeast-striking data strip P (Fig. 3) are interpreted as imaging a steeply dipping strike-slip fault that is not mapped at the surface. The proposed strike-slip fault also appears to be imaged on a strike-parallel projection of microseismicity (see section from km 47 to 51 on BBЈ in Pujol et al., 1997) where groups of events are located at different structural levels on the blind thrust. Events in data strips N and O from the southern intersection area are suggestive of a west-dipping fault, although not as clearly as to the southeast. Based on lines fit to the base of seismicity in each strip the Reelfoot thrust dips here 41Њ-44Њ. Other events plot above the thrust fault in its hanging wall. These are interpreted as being located either within a fault-related fold above the thrust or on the strikeslip Cottonwood Grove or Ridgely faults that are also located in this area.
The central portion of the Reelfoot thrust is much better constrained by PANDA seismicity. The thrust is defined here by structure contours that strike north-south in its center and between N10ЊW and N22ЊW to the north and south, respectively (see G-L in Fig. 3) . The central portion of the thrust segment dips between 31Њ and 35Њ SW along most of its length. The northern portion of the thrust strikes N35ЊW to N50ЊW and terminates abruptly at the westerly arm, which is imaged as a vertical fault that strikes N86ЊW (see A and B in Fig. 2, also Fig. 3) . We interpret the westerly arm (Fig.  3) as a left lateral strike-slip fault kinematically linked to the Reelfoot blind thrust. Seismicity that defines the northerly arm (Fig. 3 ) strikes north-south and dips steeply 85Њ W.
Constraints from Structural Modeling and Geomorphology
The shallow portion of the Reelfoot blind thrust is not imaged by seismicity above a 5-to 6-km depth (Fig. 2) . Numerical modeling of high-resolution seismic reflection data (e.g., Sexton and Jones, 1986; Van Arsdale et al., 1999) using trishear fault-propagation folding kinematics suggests, however, that the shallow portion of the thrust is quite steep and dips between 75Њ and 80Њ W. We use these results to map the steep portion of the thrust within the upper 4 km. The numerical modeling does not allow us to determine the point where the more shallowly dipping, deeper portion of the thrust bends upward to form the higher-level steeper portion. The available seismicity data suggest, however, that the northern part of the Reelfoot blind thrust gradually steepens from the deeper to the shal- lower levels. At the latitude of the southern end of Reelfoot Lake, however, the available data require a flattening of the thrust at a high level-somewhere between about 2-and 4-km depth (Fig. 3) . Although not tightly constrained, this interval includes the Precambrian basement-Paleozoic cover contact located at about 3-km depth (Crone and Brockman, 1982) . We suggest that the strong rheological contrast at the basement-cover contact between Precambrian basement rocks and Paleozoic sediments may act as a strain guide, leading to the development of a shallowly dipping (e.g., Ͻ35Њ) fault surface.
The geomorphology of the region and the historic accounts of the surface deformation from the 7 February 1812 earthquake allow additional constraints to be placed on the geometry and segmentation of the Reelfoot blind thrust. Surface deformation in the 7 February 1812 event includes coseismic uplift marked by short-lived waterfalls on the Mississippi River across the northern Reelfoot scarp in southwestern Kentucky and northwestern Tennessee . The southernmost part of the scarp also grew coseismically during the event, as indicated by historical evidence for a lake formed in the Obion River Valley . Other independent geomorphic evidence based on the modeling of longitudinal stream drainage networks incised into Tiptonville dome and Ridgely Ridge (Fig. 3) is provided by the analysis of Merritts and Hesterberg, (1994) . They argue for as much as 1.8 m of uplift from the events of 1812.
The variation in uplift along the Reelfoot scarp also provides information on the patterns of the late Holocene slip on the Reelfoot blind thrust. Acoustic profiling of sediments in the Reelfoot Lake (Carlson, 2000) , coupled with drill holes across the Reelfoot scarp suggest that the Reelfoot scarp decreases in height from ϳ10 to 6 m at the southwestern end of Reelfoot Lake, near its intersection with the Cottonwood Grove fault. This relation has been used previously to infer that the Cottonwood Grove fault may act as a segment boundary (Hamilton and Zoback, 1982) , which our analysis does not support. Trench excavations and drill hole profiles (Van Arsdale et al., 1995; Champion et al., 2001) indicate the uplift of late Holocene strata that ranges from 4 m in the Kentucky Bend area (Van Arsdale et al., 1995) to 10-11 m along the western shore of Reelfoot Lake and to less than 6 m across the northeast end of Ridgely Ridge (Carlson, 2000) .
Although additional age constraints of individual events are required to fully establish the uplift history along the blind thrust over the last several earthquake cycles, it is clear that coseismic uplift has occurred along its entire length. Greater uplift over the last 2.3 ka (e.g., 9-10 m versus 1.4-3 m) also appears to have occurred across the central part of the thrust, based on topography and the age of fluvial sediments folded across the Reelfoot scarp (Van Arsdale et al., 1995; Carlson, 2000; Guccione et al., 2001) .
Based on our structure-contour mapping the Reelfoot blind thrust cannot be divided into segments separated by transverse strike-slip faults or accommodation zones that might act to impede earthquake ruptures. We have calculated the area of the fault using the structure-contour map shown in Figure 3 as 1301 km 2 . The base of the fault surface is cut off at 15-km depth, the lower limit of seismicity in the seismic zone.
Late Holocene Moment Release
Determining the late Holocene moment release on the Reelfoot blind thrust hinges on determining its slip rate. Recent efforts to constrain the slip rate of the blind thrust use Figure 3 . Structure-contour map of the Reelfoot blind thrust. Solid lines are well defined by seismicity, and thinner lines are interpreted. The Reelfoot scarp was used as a proxy for the strike of the blind Reelfoot fault above 4-km depth. The dip of the shallow part of the blind thrust was based on seismic reflection profiles (e.g., Sexton and Jones, 1986; Van Arsdale et al., 1998) and numerical modeling of the fault geometry using the trishear fault-propagation theory . Shaded areas show the location of Tiptonville dome and Ridgely Ridge (north to south). T1, trench site of Russ (1982) ; T2, trench site at Proctor City of Kelson et al. (1996) and Mueller et al. (1999). structural relief across the Reelfoot scarp as a proxy for fault slip where folding at the surface accommodates displacement on the blind thrust at depth Mueller et al., 1999; Van Arsdale, 2000; Champion et al., 2001) . The estimates resulting from these efforts are uncertain because (1) there are few locations where structural rather than topographic relief is directly measured across the Reelfoot scarp (Van Arsdale et al., 1995; Kelson et al., 1996; Mueller et al., 1999) , and (2) the thrust is not directly imaged on seismic reflection profiles, and its dip must be determined from the structural modeling of a faultrelated fold (e.g., deformation mechanisms that govern uplift in a fault-bend or fault-propagation fold must be assumed).
Van Arsdale (2000) calculated a lower bound on a late Holocene slip rate of 4.4 mm/yr for the Reelfoot thrust based on 10 m of topographic relief across the northernmost Tiptonville dome (Russ, 1982) , the age (2400 yr) of the Mississippi River floodplain sediments folded across the Reelfoot scarp and an estimate of the dip of the thrust. Van Arsdale (2000) interprets the dip of the shallow portion of the Reelfoot thrust as 73Њ in a cross section oriented through the town of Tiptonville . The dip of the fault is defined by projecting a line from the Reelfoot scarp at the ground surface to the intersection between the top of the Precambrian basement and the deeper, gently dipping portion of the thrust surface defined by PANDA seismicity.
Van Arsdale (2000) also calculated a slip rate for the blind thrust for the period A.D. 900 to 1812 by dividing the total topographic relief (8 m) across the Reelfoot scarp near Proctor City (see T 1 in Fig. 3 ) by the number of events identified in a trench excavation at Proctor City (Kelson et al., 1996) . A key assumption was that all the events were recognized at the site since ca. 2300 yr B.P. The paleoseismic record at the site suggests that three earthquakes have acted to create uplift in A.D. 1812, ca. 1450, and 900 (Kelson et al., 1996; Tuttle and Schweig, 1996a,b (Atkinson et al., 2000) . Van Arsdale (2000) assumed that all three events were equal in magnitude and calculated the average uplift per event (2.7 m), which implies 5.4 m of uplift for the two complete seismic cycles within the 912 yr from A.D. 900 to 1812. This yielded a slip rate of 6.2 mm/yr for the period from A.D. 900 to 1812.
The results of Van Arsdale (2000) depend on the assumption that all three events were equal in magnitude and may tend to overestimate the slip which occurred in the A.D. 1812 and 1450 events because their recurrence periods are relatively shorter (ϳ362-550 yr) than those of the A.D. 900 event (at least 1200 yr based on paleoseismology; Kelson et al., 1996) . The overestimation of slip in 1812 may also arise from unrecognized earthquakes in the paleoseismic record since ca. 2300 yr ago (Kelson et al., 1996) or from the assumption of a constant slip model.
If the structural relief across the Reelfoot scarp at Proctor City is used as a proxy for fault slip instead of the topographic relief, 9.3 m of fault slip has accrued since 2290 ‫ע‬ 60 yr ago (Mueller et al., 1999) . Given the assumption that the buildup of elastic strain accumulation on the blind thrust is constant for the last several thousand years, the fault slip for specific events can be derived for the recurrence intervals between the A.D. 900, 1450, and 1812 events. Our method yields a fault slip of D ‫ס‬ 1.5 m for the 7 February 1812 event (362 yr of strain accumulation) and D ‫ס‬ 2.2 m for the A.D. 1450 event (550 yr of strain accumulation). An independent estimate of displacement in the 7 February 1812 event is provided by Merritts and Hesterberg (1994) who analyzed the deformation of longitudinal stream profiles. Their analysis yielded ϳ1.8 m of uplift of the Tiptonville dome in 1812, a value that corrresponds to ϳ1.9 m of fault slip.
The rate of the late Holocene moment release can be calculated using equation (1). We used three values for the displacement in the 7 February 1812 event, 1.5 m from the long-term slip rate method (362 yr, 2290-yr record, 9.3 m fault slip), 1.9 m from the deformation of stream drainages (independent uplift measurement converted to fault slip), and 3.1 m as the maximum likely value (method of Van Arsdale, 2000) , the average value for slip given 9.3 m of total displacement and three events in the last 2300 yr. All the values are calculated using a dip of 75Њ for the blind thrust . Fault area is taken as 1301 km 2 , based on both our mapping of the Reelfoot blind thrust from PANDA seismicity between 5-and 15-km depth (Figs. 2 and 3) and the determinations of fault dip at shallower levels from numerical modeling of fault-related folds .
The values for M 0 determined for these three displacement values estimated for the 7 February 1812 event are 6.8 ‫ן‬ Our results are lower than previous estimates of the magnitude of the 7 February 1812 event. They are particularly inconsistent with the magnitude of the earthquake proposed by Johnston (1996) , who suggested a M w of 8.0 ‫ע‬ 0.3 based on a comparison of intensity versus magnitude for instrumentally recorded earthquakes in a global dataset of continental settings. Johnston argued for up to 8 m of slip for this event, a value close to the highest relief (ϳ9 m) in the seismic zone where the paleoseismic record suggests a history of at least three large earthquakes above a steeply dipping blind thrust. Purser and Van Arsdale (1998) have also argued that the area of the Reelfoot fault is inconsistent with the M w 8.0 magnitude proposed by Johnston (1996) based on regressions between fault size and earthquake magnitude (e.g., Wells and Coppersmith, 1994) . Our results are more comparable, however, to those recently obtained by Hough et al. (2000) who analyzed the additional reports of shaking from 1812 and interpreted a number of far-field reports as being accentuated by site effects along more densely populated river valleys. Although Hough et al. (2000) were unable to directly assign an isoseismal area to the 7 February 1812 event, they estimated its magnitude as M w 7.4-7.5 by relative comparison to an earlier event in the sequence (16 December 1811) that was better recorded in the published literature.
On the basis of our analysis we suggest an M w 7.2-7.4 for the 7 February 1812 event. We favor a value of M w 7.2-7.3 based on the area of the thrust mapped as part of this study (Figs. 2, 3) , the recurrence interval for the event (Kelson et al., 1996) , and the evidence for the folding of the stream drainage networks in 1812 (Merritts and Hesterberg, 1994) .
Discussion and Conclusions
Structure-contour mapping of the Reelfoot blind thrust suggests that it is not a planar fault. The portion of the thrust between 6-and 14-km depth steepens from dips of 25Њ-31Њ at the deep levels to 42Њ-75Њ at the shallow levels north of the Cottonwood Grove fault. The thrust is significantly steeper (39Њ-46Њ) at the deep levels further south. Several strike-slip faults are mapped in the hanging wall of the thrust, but only one, located south of the Ridgely fault, appears to slightly offset the structure contours, based on the locations of seismicity used in our analysis. The thrust clearly terminates against the northwestern arm of seismicity located in southeast Missouri. The Reelfoot blind thrust steepens upward in its northern half, consistent with previously published cross sections across this region Mueller et al., 1999; Champion et al., 2001) . The southern portion of the fault may flatten near the basement-cover contact.
Estimates of past earthquake magnitudes in the area we mapped indicate relatively lower values (M w 7.2-7.4) for the 7 February 1812 event than others published in earlier studies (Johnston, 1996) . Our results are consistent with the values of uplift from the earthquake that are less than 2 m (Merritts and Hesterberg, 1994) , but not with the estimates of slip that approach 8 m of fault slip (Johnston, 1996) .
Segmentation of the Reelfoot blind thrust is not apparent from the structure-contour mapping of PANDA seismicity that illuminates its surface (Figs. 2, 3) . This is consistent with published reports of the surface deformation that extends nearly the entire length of the 61-km-long Reelfoot scarp, a fold limb formed above the blind thrust (Van Arsdale et al., 1995 Arsdale et al., , 1999 Odum et al., 1998) . We propose, therefore, that the models of future earthquake occurrence in the seismic zone use the entire length of the Reelfoot fault as the most likely source of blind thrust faulting. We also suggest that current probabilistic models of future earthquakes in the zone that are based on M w 8.0 events (e.g., Frankel, 1995) are inconsistent with our mapped fault surface area, fault-slip rates, and published accounts of the surface deformation associated with the 7 February 1812 event. Our results, however, do not necessarily imply reduced seismic risk for the communities and infrastructure in the areas surrounding the seismic zone because the site conditions in the upper Mississippi embayment are likely to significantly enhance the effects of an earthquake of a given magnitude.
